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Abstract: Hybrid rice Fanyou 7206 (FY7206), derived from the cross between a sterile line Fanyuan A 
and a restorer line Fuhui 7206, was bred by the Rice Research Institute, Fujian Academy of Agricultural 
Sciences, China. FY7206 was characterized by moderate blast resistance, cold tolerance, as well as 
wide adaptability, and high yields. The blast resistance results indicated that the frequencies of blast 
races in race B, race C and the total resistance frequency for FY7206 were 95.5%, 100.0% and 97.2%, 
respectively. The disease resistance results showed that the leaf blast grade for FY7206 was level 1 and 
panicle blast was level 5. The indoor spray results indicated that FY7206 was resistant to 11 isolates of 
Magnorpathe oryzae. The blast resistance of FY7206 might be derived from the high expression of blast 
resistance gene Pid3. The results for simulated cold resistance in an artificial climate chamber indicated 
that the cold tolerance for FY7206 was moderate at the booting and flowering stages. The cold 
tolerance results also indicated that FY7206 could be tolerant to temperatures as low as 10 °C at the 
seedling stage. The qRT-PCR results showed that the expression of cold tolerance gene Ctb1 in 
FY7206 was relatively high. These results suggested that FY7206 is a hybrid indica rice variety with 
good comprehensive characteristics, including blast resistance and cold tolerance.  
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Rice (Oryza sativa L.) is one of the most important 
food crops in the world. In China, it accounts for 
about 30% of the total crop cultivation and more than 
40% of the total crop output (Zheng et al, 2010). 
Hybrid rice plays an important role in the continuous 
grain production increase and food security 
improvement in China. High yielding and lodging 
resistant varieties were first successfully bred using 
the dwarf gene sd1 in China, which led to a leap in 
rice yields in the late 1950s. At the beginning of the 
1970s, hybrid rice by matching of three lines was 
firstly achieved in China, and these hybrid rice 
varieties are cultivated over large areas. This led to a 
second leap in rice yield (Cheng, 2010). A program 
called ‘Research on Super Rice in China’ has been 
implemented since 1996, and there have been a 
number of successes in super rice breeding in China 
over the past 20 years. The main technique used in 
super rice breeding is a combination of conventional 
breeding with molecular breeding technology, which 
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has allowed breeders to find the best parent 
combinations, increase the selecting pressure, identify 
the ideal plant type and physiological functions, and 
coordinate the results with other agronomic traits 
(Chen et al, 2007). Chen et al (2002) suggested that 
common rice should have the following characteristics: 
a modest plant height, reduced numbers of tillers, 
increased panicle weight and improved biological 
yield, as well as economic characteristic.  
Rice blast is one of the most significant diseases of 
rice. The disease has broken out all over the world, 
especially leaf blast and node blast. Panicle blast and 
node blast can stop the grains from forming and lead 
to crop failure (Li and Zhang, 2015). About 11% to 
30% of worldwide rice yield is lost due to blast (Liu et al, 
2007). Between 1981 and 1999, about 4 × 106 hm2 of 
land were affected by blast, especially in China. The 
rice yield loss amounted to more than 6 × 105 t (Chen 
and Hu, 2003). In 2014, rice blast reached epidemic 
levels in some regions of China with 5.2 × 106 hm2 
affected area and yield loss of 5.58 × 105 t (Lu et al, 
2015). Controlling the outbreaks of blast is expensive 
and results in environmental pollution. Developing 
blast resistant rice varieties is one of the most 
economical and effective methods for controlling the 
rice disease. Rice breeding has made some important 
advances, and many new blast-resistant rice varieties 
have been bred and adapted to different economic 
regions in China (Wang et al, 2014).  
Other environmental stress is also important factors 
affecting the growth and development of rice. Cold 
temperatures are a serious concern. The most suitable 
temperature for rice growth is from 15 °C to 33 °C. 
Cold damage to japonica and indica rice occurs when 
the temperature is below 15 °C and 18 °C, respectively 
(Han et al, 2002). Low temperatures will retard rice 
growth and development, leading to the death of rice 
or reducing yields. It has been reported that 15 million 
hectares of rice suffers from low temperatures in the 
world and there are 24 nations where rice suffers from 
serious low temperature events (Sthapit and Witcombe, 
1998; Song D M et al, 2011). According to official 
statistics, the annual loss of grain due to chilling damage 
was 30–50 million tons in China between 1991 and 
1999 (Han et al, 2001; Zhao et al, 2006). Therefore, the 
breeding of new rice varieties with both blast resistance 
and cold tolerance has important strategic significance 
for food security in China and across the world. 
It is well known that japonica rice has stronger cold 
tolerance than indica rice (Saito et al, 2010). Chill 
injury seriously affects the growth and development of 
rice. Adversely cold conditions result in lengthened 
sprouting time, seed and seedling rotting, delayed 
seedling development, and development retardation. 
All these effects can reduce yield (Lu, 2012). Low 
temperature at the booting stage tends to cause an 
increase in the rice shell rate and reduces the yield per 
unit area. Low temperatures at the heading and grain 
filling stages tend to reduce the grain filling rate and 
rice quality (Song G S et al, 2011).  
FY7206 is a three-line indica hybrid rice variety. 
This study illustrated the breeding progress of the 
hybrid rice and investigated the blast resistance and 
cold tolerance of FY7206 and its sterile line to 
elucidate the genetic mechanism and the related genes. 
MATERIALS AND METHODS 
Rice materials 
Fanyou 7206 (FY7206) with blast resistance, cold 
tolerance and high yields was successfully bred from a 
cross between the sterile line Fanyuan A (FA) and the 
restorer line Fuhui 7206 (FH7206) by Rice Research 
Institute, Fujian Academy of Agricultural Sciences, 
China. The breeding processes of the restorer line 
FH7206 and its hybrid rice FY7206 are showed in Fig. 
1. Also, the plant type and grain type of FY7206 are 
showed in Fig. 2. 
Varieties FY7206, FA and FH7206 from Rice 
Research Institute, Fujian Academy of Agricultural 
Sciences, the cold control Zhonghua 11 (ZH11) from 
Huazhong Agricultural University, the blast susceptible 
control Lijiangxintuanheigu (LTH) from Crop Science 
Institute, Chinese Academy of Agricultural Sciences 
and the blast-resistant control Yunyin from Yunnan 
Academy of Agricultural Sciences were tested in this 
study. Jinyougui 99 (JYG99) was from Changde Institute 
of Agricultural Sciences, Hunan Province, China. 
Blast resistance 
The blast resistance identification of FY7206 was 
carried out indoors at the Institute of Plant Protection, 
Guangdong Academy of Agricultural Sciences, China. 
The blast strains, Guy11, SH0703, ZJ2011-7-1, SAR 
II20-1, 12JN-II, 084-3, 1ZSH05-2, Nick II7-4, 12JL-907-1, 
y34 and GD05-0296, were provided by professor WANG 
Zong-hua, Fujian Agriculture and Forestry University, 
Fuzhou, China. Suspensions were combined from a 
mixture of 11 Magnaporthe oryzae isolates. 
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FY7206, FA, FH7206, LTH and Yunyin seedlings 
were grown at 28 °C with a relative humidity of 70% 
for 3 d. The seedlings were spray-inoculated when 
they had developed at least five leaves. The leaves 
were harvested at 12, 24 and 48 h after inoculation, 
frozen in liquid nitrogen and preserved in a -80 °C 
freezer. RNA from these samples was extracted to 
analyze the expression of blast resistance gene Pid3. 
Cold tolerance 
To select the correct temperature for the cold tolerance 
study, seedlings of FY7206 and its parents FA and 
FH7206, as well as the control ZH11, were exposed to 
4 °C, 6 °C, 7 °C, 8 °C and 9 °C for 2 h when there 
were three leaves on the seedlings.  
Fifty 20-day-old seedlings of ZH11, FY7206, FA 
and FH7206 were put in a 10 °C incubator (16 h light 
and 8 h dark alternation) for 7 d, and then placed in a 
28 °C incubator (16 h light and 8 h dark alternation) 
for another 7 d with three replicates. The seedling 
survival rate was counted three times for each variety.  
ZH11, FY7206, FA and FH7206 seedlings were 
exposed to 4 °C. About 100 mg leaf samples were 
harvested at 6, 12 and 24 h after treatment. RNA 
samples were extracted and reverse transcribed into 
cDNA. The expression analysis of the cold tolerance 
gene Ctb1 was carried out by qRT-PCR.  
Total RNA extracted from leaves 
Total RNAs from FY7207, FA, FH7206 and ZH11 
were isolated using TRIzol reagent (Invitrogen, USA) 
followed by trichloromethane and isopropanol 
precipitation. It was then quantified and qualified 
using 1% agarose gel electrophoresis, a NanoPhotometer 
Fig. 1. Breeding process for the restorer line Fuhui 7206 (FH7206) and hybrid rice Fanyou 7206 (FY7206). 
Fig. 2. Individual plant and grains of Fanyou 7206. 
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spectrophotometer (Implen, USA), a Qubit 2.0 
Flurometer (Invitrogen, USA) and an Agilent 2100 
Bioanalyzer (Agilent, USA). Exactly 0.5 μg of total 
RNA from each sample was transferred to an RNase- 
free tube and cDNA was synthesized according to the 
company’s protocols (ReverTra Ace qPCR RT Master 
Mix with gDNA Remover, Beijing TransGen Biotech 
Co., Ltd). The cDNA products were stored at -20 °C. 
Primer design and qRT-PCR analysis 
The qRT-PCR primers were designed using the Premier 
Primer 5.0 (Premier, Canada) and Beacon Primer 7.9 
softwares (Premier, Canada). Rice actin was used as a 
reference gene (Table 1). The specificity of the primers 
was confirmed by PCR. The PCR product formed 
single bands in the 1% agarose gel electrophoretogram 
and those qPT-PCR primers were thus selected as the 
specific primers for qRT-PCR analysis.  
The qRT-PCR analysis was conducted in an eight 
row plate with 20 μL reaction system, which included 
10 μL of 2 × FastStart Universal SYBR Green Master 
(ROX), 2 μL cDNA template (diluted × 50), 6.8 μL 
deionized water, and 0.6 μL (10 μmol/L) primer. 
The reaction conditions were as follows: 95 °C 
pre-denaturing for 10 min; 95 °C denaturing for 15 s, 
annealing at 58 °C for 15 s, and extension at 60 °C for 
60 s, with 40 cycles. The dissolution curves were 
analyzed using a fluorescent light quantitative standard 
curve program from ABI PCR 7500 (ABI, USA). 
RESULTS 
Blast resistance identification 
The results indicated that the blast resistance 
frequencies for race B, race C, and the total resistance 
frequency were 95.5%, 100.0% and 97.2%, 
respectively, which were significantly higher than the 
control (JYG99). The leaf blast evaluation grade in the 
blast nursery was level 1 and the panicle blast grade 
was level 5 (Table 2), which indicated that FY7206 
have a middle-level blast resistance. 
qRT-PCR analysis for blast-resistance gene Pid3  
FY7206, the sterile line FA, and the restorer line FH7206 
were all resistant to the 11 isolates of Magnorporthe 
oryzae (Fig. 3). The qRT-PCR results showed that the 
expression levels of blast-resistance gene Pid3 in 
FY7206, FA and FH7206 were significantly higher 
than that in the susceptible control (LTH) (Fig. 4), 
which indicated that blast resistance in FY7206 might 
be derived from the blast-resistance gene Pid3. 
Cold tolerance analysis of FY7206 
The results from the cold tolerance simulation 
experiment in an artificial climate chamber indicated 
Table 1. Sequences of primer for the experiment. 
Gene Forward primer Reverse primer 
β-actin TGTAAGCAACTGGGATGA CCTTCGTAGATTGGGACT 
Ctb1 AATAACACCTGGAACATA ATAACAAGCAATCTATCAC 
Pid3 GGTGCGAAGTTGCCATTG TTCTGAAGTAGAGGAGGAG 
GTT 
Table 2. Blast-resistance identification of FY7206 test combination in Shaoguan, Guangdong Province, China, 2012. 
Variety 
Race-resistance for Magnaporthe oryzae 
Leaf blast grade Panicle blast grade 
Race B (%) Race C (%) Ratio of race-resistance (%) 
Fanyou 7206 95.5 100.0 97.2 1 5 
Jinyougui 99 (CK) 77.3 76.9 77.8 4 7 
 1    2   3  4   5 
 
Fig. 3. Phenotype of Fanyou 7206, Fanyuan A and Fuhui 7206 
inoculated with 10 isolates of Magnorpathe oryzae for 7 d. 
1, Fanyuan A; 2, Lijiangxintuanheigu; 3, Fanyou 7206; 4, Fuhui 
7206; 5, Yunyin. 
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that FY7206 had mid-level cold tolerance at the 
booting and flowering stages. The leaves of FY7206, 
FA and FH7206 began to wilt, but the leaves of the 
control ZH11 did not after exposure to 4 °C for 2 h, 
which suggested that FY7206, FA and FH7206 were 
not cold tolerant at 4 °C. And the phenotype changes 
at 6 °C, 7 °C, 8 °C and 9 °C were similar to those at 
4 °C. After 10 °C treatment, only FH7206 wilted (Fig. 
5), and its phenotype can not be restored. The results 
indicated that FY7206 and FA can be tolerant to 
temperatures that were 10 °C or above. 
The seedling survival rate was statistically 
significant when the seedlings were exposed to 10 °C 
for 7 d (P < 0.05) (Table 3). The seedlings of the 
restorer line FH7206 can not be restored, and nearly 
all died. However, the female line FA, FY7206 and the 
control ZH11 were all restored. The statistical results 
showed that the highest survival rate was 99.3% in 
ZH11 (control), and the lowest survival rate was only 
8.0% in FH7206. The survival rates for FA and 
FY7206 were 90.7% and 84.7%, respectively, 
however, their difference was not significant (P > 
0.05), which indicated that the cold tolerance of 
FY7206 was stronger than that of the restorer line 
FH7206. The results also suggested that the cold 
tolerance characteristics of FY7206 might be derived 
from the female line FA. 
qRT-PCR analysis of the cold tolerance gene Ctb1 
The cold tolerance gene Ctb1 (Satio et al, 2010) was 
derived from japonica rice. FY7206, FA and FH7206 
were exposed to 10 °C in a chamber (16 h light and 8 
h dark alternation) for 24 h. The qRT-PCR results 
indicated that the expression levels of Ctb1 in FY7206 
increased gradually. The expression level was the 
highest after 24 h in FY7206, and was almost the 
same as the control (ZH11). However, the expression 
level of Ctb1 in FH7206 was very low after 24 h (Fig. 
6-A). Ctb1 expression was analyzed in samples that 
had been exposed to 10 °C for 7 d. The results 
Table 3. Fanyou 7206, Fanyuan A and Fuhui 7206 seedlings survival when exposed to 10 °C for 7 d. 
Variety 
No. of plants before 10 °C  
cold treatment 
No. of survival plants after 10 °C  
cold treatment  
Plant survival ratio (%) 
Fanyuan A 50 45.3 ± 2.5 b 90.7 ± 5.0 b 
Fanyou 7206 50 42.3 ± 2.3 bc 84.7 ± 4.6 bc 
Fuhui 7206 50 4.0 ± 1.7 d 8.0 ± 3.5 d 
Zhonghua 11 50 49.7 ± 0.6 a 99.3 ± 1.2 a 
The significance level is 0.05. Values are shown by mean ± SD. 
Fig. 5. Cold tolerance in Fanyou 7206, Fanyuan A and Fuhui 7206 when subjected to 10 °C for 7 d. 
FA, Fanyuan A; FY7206, Fanyou 7206; FH7206, Fuhui 7206; ZH11, Zhonghua 11. 
FA        FY7206       FH7206       ZH11                   FA       FY7206       FH7206        ZH11 
Fig. 4. qRT-PCR analysis of blast resistance gene Pid3 from 
FY7206, FA and FH7206. 
FA, Fanyuan A; FY7206, Fanyou 7206; FH7206, Fuhui 7206; 
LTH, Lijiangxintuanheigu; YY, Yunyin. 
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revealed that the Ctb1 expression levels in FA and 
FY7206 was significantly higher than that in the 
restorer line FH7206 (Fig. 6-B). 
Analysis of FY7206 grain quality 
The data from Table 4 shows that the inheritance of 
several indexes of grain quality for FY7206, such as 
brown rice rate, transparency, and gel consistency, was 
derived from its parents. The brown rice rate of 
FY7206 was 79.8%, which was similar to the restorer 
line FH7206, but significantly higher than that of the 
male sterile line FA (76.2%). The transparency grade 
for FY7206 was level 2.0, which was the same as the 
restorer line FH7206, but significantly higher than that 
of the sterile line FA (1.3). Some grain quality indexes 
of FY7206 were better than those of its parents, such 
as chalkiness degree and chalkiness rate. The chalkiness 
rate (41.5%) and chalkiness degree (8.0%) for 
FY7206 were significantly lower as compared with its 
sterile line FA and restorer line FH7206. This showed 
that FY7206 had better appearance quality than its 
parents. The milled rice rate of FY7206 (50.6%) was 
significantly higher than its parents. The grain length 
of FY7206 (6.8 mm) was significantly longer than that 
of the sterile line FA, and 0.2 mm longer than that of 
the restorer line FH7206. The pasting temperature of 
FY7206 (5.6 °C) was between its parents, but showing 
significant difference. The amylose starch content of 
FY7206 (12.8%) was significantly higher than its 
parents. The gel consistency of FY7206 was 85.7 mm, 
1.0 mm less than that of the sterile line FA, while 
significantly higher than that of FH7206 (72.7 mm), 
which indicated that the gel consistency of FY7206 
was more affected by the sterile line FA than the 
restorer line FH7206. 
Yield components of FY7206 
The average plant height of FY7206 was 121.0 cm, 
1.4 cm higher than JYG99 (119.6 cm). The average 
panicle length of FY7206 was 24.7 cm, 1.1 cm less 
than the control (25.8 cm). The average total grain 
number per panicle of FY7206 (170.6) was 10.8 more 
than that of JYG99 (159.8). The average seed-setting 
rate for FY7206 was 71.6%, 2.5 percent point more 
than the control (69.1%). The average 1000-grain 
weight of FY7206 was 27.3 g, and was 0.5 g more 
than that of the control JYG99 (26.8 g) (Table 5). The 
results indicated that the biological indexes of FY7206 
were better than those of the control. The number of 
total grain number per panicle, filled grain number per 
panicle, seed-setting rate and 1000-grain weight were 
higher than the control JYG99, which is probably the 
main reason for the increase in the yield of FY7206 in 
the regional tests. 
Table 4. Grain qualities of hybrid rice Fanyou 7206, sterile line Fanyuan A and restorer line Fuhui 7206. 
Variety 
Brown rice 
rate (%) 
Milled rice 
rate (%) 
Grain length 
(mm) 
Chalkiness 
rate (%) 
Chalkiness 
degree (%) 
Transparency 
Pasting 
temperature 
(°C) 
Amylose 
content (%) 
Gel 
consistency 
(mm) 
Fanyou 7206 79.8 ± 0.1 bc 50.6 ± 1.0 c 6.8 ± 0.1 bc 41.5 ± 1.2 a 8.0 ± 0.3 a 2.0 ± 0.0 bc 5.6 ± 0.5 b 12.8 ± 0.3 c 85.7 ± 4.0 b 
Fuhui 7206 79.8 ± 0.1 b 31.5 ± 1.6 b 6.6 ± 0.1 b 55.5 ± 0.6 c 11.8 ± 0.4 c 2.0 ± 0.0 b 4.0 ± 0.0 a 12.1 ± 0.5 b 72.7 ± 4.6 a 
Fanyuan A 76.2 ± 0.5 a 22.4 ± 1.1 a 6.4 ± 0.0 a 45.9 ± 2.6 b 11.1 ± 0.2 b 1.3 ± 0.6 a 6.6 ± 0.3 c 10.6 ± 0.0 a 86.7 ± 1.5 bc 
Values followed by the same letters are not significantly different at the 0.05 level. 
Fig. 6. qRT-PCR analysis of cold tolerance gene Ctb1 in Fanyou 7206, Fanyuan A and Fuhui 7206. 
A, Exposed to 10 °C; B, Exposed to 10 °C for 7 d. 
FA, Fanyuan A; FY7206, Fanyou 7206; FH7206, Fuhui 7206; ZH11, Zhonghua 11. 
272                                                                            Rice Science, Vol. 23, No. 5, 2016 
FY7206 yields 
The average yield of FY7206 was 6 585.9 kg/hm2 (three 
replicates each year), 315.9 kg/hm2 more than the control 
JYG99 in 2011 late season in regional test. The average 
yield for FY7206 was 6 592.5 kg/hm2 (three replicates), 
338.8 kg/hm2 more than JYG99 in regional test in the 
early season of 2012. The average yield was 7 143.0 
kg/hm2 (three replicates), and was 457.8 kg/hm2 more 
than that of the JYG99 in field tests in the early season 
of 2012, showing a significant increase (Table 6).  
DISCUSSION 
One of the main achievements of modern agricultural 
science is that the yield and quality of crops has been 
improved by heterosis. Rice possesses high heterosis, 
which is shown by its strong growth, developed root 
system, large panicle, high grain yield and stress 
resistance, etc. Therefore, the utilization of rice 
heterosis has been the main measure for most breeders 
to increase rice production. The breeding and application 
of hybrid rice has made a great contribution to food 
security in China and across the world. 
Blast resistance of FY7206 
Blast is one of the most serious diseases of rice. 
Chemical control leads to increased pesticide residues 
and environmental pollution, so the development of 
blast resistant varieties by genetic breeding is an ideal 
method for reducing environmental pollution. In this 
study, the sterile line was a cytoplasmic male sterile 
indica aromatic line derived from a testcross between 
the maintainer from the cross between Changfeng B 
(the female parent) and Lefeng B (the male parent) 
and the Lefeng B and its backcross (You et al, 2014). 
Its pedigree showed that the blast resistance of FA, 
bred from Fanyuan B, was derived from Digu B (Lei 
et al, 1998). The blast resistance of Digu B mainly 
consisted of two blast resistance genes, i.e., Pid2 (Chen 
et al, 2006) and Pid3 (Shang et al, 2009). The expression 
of blast resistance genes in FY7206 was analyzed 
when seedlings had been inoculated with 10 isolates 
of Magnaporthe oryzae. The expression level of the 
blast resistance gene Pid3 was detected by qRT-PCR 
in FY7206, FA and FH7206, but Pid2 was not detected.  
Cold tolerance of FY7206 
In this study, we analyzed the cold tolerance 
characteristics of the hybrid rice variety FY7206. The 
most suitable temperature for rice growth is between 
15 °C and 33 °C (Han et al, 2002). Due to their 
various genetic backgrounds, different rice varieties 
are regulated by different cold tolerance genes, which 
lead to different low temperature resistance. Previous 
results showed that cold tolerance in japonica rice was 
stronger than in indica rice. The effects of cold stress 
on japonica rice are first noticed at 15 °C while indica 
rice suffers from the low temperature stress at 18 °C 
(Wang, 1995). FY7206 is an indica hybrid rice variety, 
which has some low temperature tolerance, but its 
growth was significantly weaker than the control 
ZH11 at low temperatures. Khan et al (1986) analyzed 
the cold tolerance of three line hybrid rice at the 
booting stage and found that the cold tolerance of F1 
tended to come from the parent sterile line and was 
less affected by the restorer line. In this study, FY7206 
and its female parent FA could be resistant to low 
temperature at 10 °C, which is agreement with the 
results of Khan et al (1986). Li et al (2000) believe 
that cold regulated genes in plants are widely 
distributed. To date, many different cold resistance 
genes have been mapped and cloned (Li et al, 2012; 
Ma et al, 2015). We analyzed the expression of six 
cold tolerance genes in FY7206 and its parents. The 
results indicated that only the expression of the Ctb1 
gene was consistent with the phenotypic results, 
indicating that the Ctb1 gene might be involved in the 
Table 5. Main economic characteristics for Fanyou 7206 in the regional tests at Shaoguan station, Guangdong Province, China, 2012 (n = 3). 
Variety 
Plant height 
(cm) 
Panicle length  
(cm) 
Total grain number 
 per panicle 
Filled grain number 
per panicle 
Seed-setting rate 
(%) 
1000-grain weight 
(g) 
Fanyou 7206 121.0 24.7 170.6 122.2 71.6 27.3 
Jinyougui 99 (CK) 119.6 25.8 159.8 110.4 69.1 26.8 
Table 6. Yields of Fanyou 7206 at Shaoguan station, Guangdong 
Province, China, 2012 (n = 3). 
Year Variety Type of test 
Yield 
(kg/hm2) 
2011 Fanyou 7206 Regional test 6 585.9 
 Jinyougui 99 (CK) Regional test 6 270.0 
2012 Fanyou 7206 Regional test 6 592.5 
 Jinyougui 99 (CK) Regional test 6 253.7 
 Fanyou 7206 Production test 7 143.0 
 Jinyougui 99 (CK) Production test 6 685.2 
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regulation of cold resistance in FY7206. 
ACKNOWLEDGEMENTS 
We thank the Agricultural Bureau of Shaoguan City, 
Guangdong Province, China for the regional test of 
Fanyou 7206 and the Institute of Plant Protection, 
Guangdong Academy of Agricultural Sciences, China 
for blast resistance identification and cold tolerance 
identification. This work was supported by grants 
from the National Program on the Development of 
Basic Research of China (Grant No. 2013CBA01405-7), 
the High-Tech Research and Development Program of 
China (863 Program) (Grant Nos. 2014AA10A603 
and 2014AA10A604), and the Special Foundation of 
Non-Profit Research Institutes of Fujian Province, 
China (Grant No. 2014R1021-15). 
REFERENCES 
Chen L Y, Xiao Y H, Tang W B, Lei D Y. 2007. Prospect and 
practice of three-procedure breeding on super hybrid rice. Chin J 
Rice Sci, 21(1): 90–94. (in Chinese with English abstract) 
Chen S D, Hu B H. 2003. Fifty Years of Plant Protection in China. 
Beijing: Chinese Agricultural Press: 24–25. (in Chinese) 
Chen W F, Xu Z J, Zhang B L, Zhang W Z, Yang S R. 2002. 
Prospect and progress on super high yield of rice. Chin Engin 
Sci, 4(1): 31–35. (in Chinese with English abstract) 
Chen X W, Shang J J, Chen D X, Lei C L, Zou Y, Zhai W X, Liu G 
Z, Xu J C, Ling Z Z, Cao G, Ma B T, Wang Y P, Zhao X F, Li S 
G, Zhu L H. 2006. A B-lectin receptor kinase gene conferring 
rice blast resistance. Plant J, 46: 794–804. 
Cheng S H. 2010. Super Rice Breeding of China. Beijing: 
Scientific Press. 
Han L Z, Sheng J S, Cao G L. 2001. Research on cold tolerance in 
rice of Korea. World Agric, 12: 36–37. (in Chinese with English 
abstract) 
Han L Z, Koh H J, Piao Z Z. 2002. Status and prospects of genetic 
and QTLs analysis for cold tolerance in rice. Chin J Rice Sci, 
16(2): 193–198. (in Chinese with English abstract) 
Khan D R, Mackill D J, Vergara B S. 1986. Selection for tolerance 
to low temperature-induced spikelet sterility at anthesis in rice. 
Crop Sci, 26(4): 694–698. 
Lei J C, You N S, Huang L X, Lei S P, Zheng X H, Zhu X T. 1998. 
Breeding and utilization of indica sterile line Fuyi A. Hybrid 
Rice, 3: 8–11. (in Chinese with English abstract) 
Li C G, Wang B L, Song X H, Liu Y W, Meng Q X, Song D M, 
Cheng F Y. 2012. Research progress of QTLs analysis for cold 
tolerance in rice in China. Heilongjiang Agric Sci, (4): 138–141. 
(in Chinese with English abstract) 
Li M R, Liu H X, Wang Y R. 2000. Advance in researches on 
molecular biology of plant cold tolerance. J Tropic Subtropic Bot, 
8(1): 70–80. (in Chinese with English abstract) 
Li X, Zhang L J. 2015. Advance on research of rice blast control 
with biological diversity. South Agric, 15: 34–35. (in Chinese 
with English abstract) 
Li Y Z. 2007. Advance in plant hormone study. J Henan Inst Sci 
Technol, 35(4): 50–53. (in Chinese with English abstract) 
Liu Z L, Lei C L, Cheng Z J, Li W, Wang J L, Shi K. 2007. 
Advance on mapping and cloning of blast resistance in rice. 
Crops, (3): 16–19. (in Chinese with English abstract) 
Lu M H, Liu W C, Zhu F, Zhang Q F, Xia F. 2015. Analysis on the 
reasons and countermeasures of rice blast. China Plant Protect, 
35(6): 35–39. (in Chinese with English abstract) 
Lu T T. 2012. Primarily QTLs Mapping of Cold Tolerance in Rice. 
Changsha, China: Central South University. (in Chinese) 
Ma Y, Dai X Y, Xu Y Y, Luo W, Zheng X M, Zeng D L, Pan Y J, 
Lin X L, Liu H H, Zhang D J, Xiao J, Guo X Y, Xu S J, Niu Y D, 
Jin J B, Zhang H, Xu X, Li L G, Wang W, Qian Q, Ge S, Chong 
K. 2015. COLD1 confers chilling tolerance in rice. Cell, 160: 1–13. 
Saito K, Hayano-Saito Y, Kuroki M, Sato Y. 2010. Map-based 
cloning of the rice cold tolerance gene Ctb1. Plant Sci, 179: 97–102. 
Shang J J, Tao Y, Chen X W, Yan Z, Lei C L, Wang J, Li X B, Zhao 
X F, Zhang M J, Lu Z K, Xu J C, Cheng Z K, Wan J M, Zhu L H. 
2009. Identification of a new rice blast resistance gene, Pid3, by 
genome wide comparison of paired nucleotide-binding site: 
Leucine-rich repeat genes and their pseudo-gene alleles between 
the two sequenced rice genomes. Genetics, 182: 1303–1311. 
Song D M, He M, Meng Z H, Meng Q X, Li C G, Cheng F Y. 2011. 
Analysis on research status and breeding strategy of rice cold 
damage. North Rice, 41(2): 71–72, 78. (in Chinese with English 
abstract) 
Song G S, Sun Z F, Sun L, Du K M, Wang X. 2011. Comparison 
between physiological properties and cold tolerance under low 
temperature treatment during different growing stages of rice in 
northeast central region of China. Acta Ecol Sin, 31(13): 3788–3795. 
Sthapit B R, Witcombe J R. 1998. Inheritance of tolerance to 
chilling stress in rice during germination and plumule greening. 
Crop Sci, 38(3): 660–665. 
Wang H, Zhou G X, Chen J J, Yan Z, Fang Y, Huang Y L, Zhang C 
H, Zhang Y H, Chen L. 2014. Research progress and prospect in 
rice blast resistance genes. Hybrid Rice, 29(6): 1–5. (in Chinese 
with English abstract) 
Wang Y R. 1995. Rice Physiological Breeding. Beijing: Reference 
Press of Science and Technology: 419–420. (in Chinese) 
You N S, Zhang Y H, Huang L X, Lei S P, Pan Y Q, Hu R H, Wu Z 
Y, Xie M Z, Meng Z G. 2014. Breeding of the CMS line 
Fanyuan A with good aroma quality and fine blast resistance in 
rice. Chin J Tropic Crops, 35(3): 488–492. (in Chinese with 
English abstract) 
Zhao Z W, Li S G, Huang W Z, Lei S F. 2006. Development and 
foreground of cold tolerance in different low temperature 
sensitive stage of rice. Southwest China J Agric Sci, 19(2): 
330–335. (in Chinese with English abstract) 
Zheng J T, You N S, Huang T X, Zhao M F, Zhang S J, Xie H A. 
2010. Advance on breeding of hybrid rice for high quality, high 
yield, multiple resistance in Fujian Province, China. J Sci 
Technol Rice Wheat Fujian, China, 28(3): 1–8. (in Chinese with 
English abstract) 
(Managing Editor: LI Guan)
 
